Robustness is specific property of closed-loop systems when the designed controller guarantees control not only for one nominal controlled system but also for all predefined class of systems (perturbed models). The robust theory is mainly exploited for design of the continuous-time systems. This paper deals with an experimental simulation investigation of robust properties of digital control closed-loop systems. Minimization of the Linear Quadratic (LQ) criterion was used for the design of control algorithm. Polynomial approach is based on the structure of the controller with two degrees of freedom (2DOF). Four types of process models (stable, non-minimum phase, unstable and integrating) were used for controller design. The Nyquist plot based characteristics of the open-loop transfer function (gain margin, phase margin and modulus margin) served as robustness indicators.
INTRODUCTION
One of possible approaches to digital control systems is the polynomial theory. Polynomial methods are design techniques for complex systems (including multivariable), signals and processes encountered in control, communications and computing that are based on manipulations and equations with polynomials, polynomial matrices and similar objects. Systems are described by input-output relations in fractional form and processed using algebraic methodology and tools (Šebek and Hromčík 2007) . The design procedure is thus reduced to algebraic polynomial equations. Controller design consists of solving polynomial (Diophantine) equations. The Diophantine equations can be solved using the uncertain coefficient methodwhich is based on comparing coefficients of the same power. This is transformed into a system of linear algebraic equations (Kučera 1997) . It is obvious that the majority processes met in industrial practice are influenced by uncertainties. The uncertainties suppression can be solved by implementation of either adaptive control or robust control. The robust control and the adaptive control are viewed as two control techniques, which are used for controller design in the presence of process model uncertainty -process model variations (Landau 1999; Landau et al. 2011) . The design of a robust controller deals in general with designing the controller in the presence of process uncertainties. This can be simultaneously: parameter variations (affecting low-and medium-frequency ranges) and unstructured model uncertainties (often located in high-frequency range). The aim of this paper is the experimental examination of the robustness of digital controllers based on LQ method. Robustness is the property when the dynamic response of control closed loop (including stability of course) is satisfactory not only for the nominal process transfer function used for the design but also for the entire (perturbed) class of transfer functions that expresses uncertainty of the designer in dynamic environment in which a real controller is expected to operate. The design of a robust digital pole assignment controller is investigated in (Landau and Zito 2006) , the robust stability of discrete-time systems with parametric uncertainty is analysed in (Matušů 2014) . A more comprehensive discussion of robustness is taken when the design based on frequency methods is considered. One can readily compare the system gain at the desired operating point and the point(s) of onset of instability to determine how much gain change is acceptable. Only this method will be used for investigation of the robustness of digital control stable, unstable, non-minimum phase and integrating processes. The paper is organized in the following way. The fundamental principle of the robustness of digital control-loop in Section 2. presented in robust prope their results concludes thi
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Spectral factorization of polynomials of the first-and the second-degree can be computed by analytical way; the procedure for higher degrees must be performed iteratively (Bobál et al. 2005) . The MATLAB Polynomial Toolbox (Šebek 2014) can be used for a computation of spectral factorization of the higher degree polynomials using file spf.m by command
It is known that by using the spectral factorization (18), it is possible to compute only two suitable poles (α, β). It is obvious from equation (13) 
Therefore, the other poles (γ 1 , γ 2 ) are needed to be userdefined. The application of user-defined poles is significant mainly in nonstandard process models (e.g. non-minimum phase, unstable, integrating or with time-delay). The usage of user-defined poles makes it possible to improve the robustness of these processes. Then the digital 2DOF controller (16) 
and parameters 0 1 2 1 , , ,p are computed from (13).
SIMULATION VERIFICATION AND RESULTS
A simulation verification of designed algorithms was performed in MATLAB/SIMULINK environment. The robustness of individual control loops was experimentally investigated by changing characteristic polynomial degree by adding user-defined poles. In addition, the influence of a change of the gain of the nominal process model was examined. From the point of view of robust theory, it is possible to consider these experiments as determination of individual robust stability margins that are caused by parametric uncertainty influence. This paper presents robustness properties of the digital second-order control systems that can be described by the following continuous-time transfer function: 1) Stable system: ( ) 
Let us now discretize (24) -(27) using a sampling period 0 2 s T = . Discrete forms of these transfer functions are (see (10) 
Experimental process models (28) - (31) 
The parameter Pi K was increased (decreased) as far as control closed-loops were in the stability 
